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© Oil leakage sensor. 



© An oil leakage sensor comprises a sensor ele- 
ment formed by a plurality of electrical conductors 
contained within and separated from each other by a 
continuously porous polytetrafluoroethylene PTFE 
material containing from 15 to 40 weight percent 
carbon particles, the carbon particles having irregular 
shapes and average diamerer between 10 and 30 
millimicrons, at least a portion of the exterior sur- 
faces of the carbon particles being exposed at the 
pore walls of the PTFE and extending into the pores. 
The porous PTFE material is preferably obtained by 
stretching an extruded, unsintered PTFE film con- 
staining the carbon particles, after removal of lubri- 
Src 30 ** t0 a draw ratio °* 1 -5 times or less. The sensor 
element, in use, is connected between electrodes 

CO 

which, in turn, are connected to an alarm device. 

~ Preferably, the sensor element is connected to elon- 
gate electrodes (wires) such that the direction of 

^stretch of the material is aligned with the lengthwise 

(9) direction of electrodes. 
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OIL LEAKAGE SENSOR 



The present invention relates to an oil leakage 
sensor for detecting leakage of oil on to a water 
surface by means of a change in electrical resis- 
tance. 

A conventional oil leakage sensor comprises an 
element in which two conductors are separated by 
a polytetrafluoroethylene film containing carbon 
particles. When oil leaks on to the surface of water 
in which this sensor element is installed, the oil 
permeates the areas between the carbon particles 
inside the resin, and lowers conductivity arising 
from the tunnel effect. This causes a change in the 
electrical resistance value of the sensor element, 
and the oil leakage is detected as a result of this 
change in electrical resistance. 

In the case of the above mentioned conven- 
tional sensor element, the PTFE is unsatisfactory in 
terms of permeability to high-viscosity oils such as 
heavy oils, especially grade C heavy oils, and 
vegetable oils. Furthermore, most of the carbon 
particles are surrounded by PTFE. As a result, the 
leaking oil does not achieve sufficient contact with 
the carbon particles. Consequently, the change in 
the electrical resistance value of the sensor ele- 
ment at the time of oil leakage is small, so that the 
oil leakage detection sensitivity is unsatisfactory. 

According to the present invention there is 
provided an oil leakage sensor comprising a plural- 
ity of electrical conductors contained within and 
separated from each other by a continuously po- 
rous, stretched poiyretrafluoroethylene (PTFE) ma- 
terial containing from 15 to 40 weight percent car- 
bon particles, said carbon particles having irregular 
shapes and an average diameter between 10 and 
30 millimicrons, at least a portion of the exterior 
surfaces of the carbon particles being exposed at 
the pore walls of the PTFE and extending into said 
pores. 

In a preferred embodiment the porous extruded 
PTFE film containing the carbon particles has been 
stretched, after removal of lubricant, to an extent of 
1 .5 times or less its unstretched length. The sensor 
element in use is connected by wires to resistance 
metering apparatus. The element is preferably con- 
nected to the metering apparatus such that the 
direction of stretch of the material is aligned with 
the direction along the materiaJ in which resistance 
is measured. 

An embodiment of the present invention will 
now be particularly described, by way of example, 
with reference to the accompanying drawings in 
which:- 

Figure 1 is a diagrammatic representation of 
the composite material used in the sensor element, 
under high magnification; 



Figure 2 is an oblique view of one embodi- 
ment of the oil leakage sensor element connected 
between two wires; 

Figure 3 is a schematic view of the material 

s used in the sensor in tape form wound about a 
core and which is referred to in the examples 
discussed below; 

Figure 4 is an oblique view of the tape 
material used in the examples; 

io Figure 5 is a schematic diagram of the ex- 

periments referred to in the examples, and 

Figure 6 is a graph showing the results of 
the experiments. 

The oil leakage sensor element is characteris- 

75 ed by the fact that multiple conductors are sepa- 
rated from each other by a material which is 
formed by impregnating 15 to 40 weight percent 
carbon particles, which are 10 to 30 millimicrons in 
diameter and which have irregular surfaces so that 

20 their surface area is increased, into a continusouly 
porous polytetrafluoroethylene. and in which the 
exterior surfaces of the aforementioned carbon par- 
ticles are exposed at the pore walls of the PTFE. 
Polytetrafluoroethylene containing a relatively 

25 large quantity of carbon particles has an electrical 
conduction mechanism which depends on three- 
dimensional chains of contacting carbon particles. 
!n the present invention, since the exterior surfaces 
of the carbon particles are exposed at the pore 

30 walls of the continuously porous resin, oil compo- 
nents can easily adhere to the exterior surfaces of 
the carbon particles following permeation of the 
resin by a high-viscosity oil. The exterior surfaces 
of the carbon particles are irregular so that the 

35 effective surface area of the carbon particles is 
increased. As a result, oil is securely adsorbed on 
the carbon particles and the conductivity of the 
carbon particles themselves drops as a result of oil 
absorption by the resin. 

40 In Figure 1, polytetrafluoroethylene PTFE 1 

constitutes a composite material 4 which contains 
carbon particles 2, and which has numerous pores 
3 that connect with .the outside of the material. 
Such pores 3 are formed by drawing PTFE 1 which 

45 contains carbon particles 2 by known techniques. 
Aa a result, the composite material 4 is a stretched, 
porous PTFE 1 which contains carbon particles 2 
and has pores 3 therein. 

The carbon particles 2 are small particles with 

so diameters of 10 to 30 millimicrons. These panicles 
have irregular structures, with numerous indenta- 
tions and projections formed on the surfaces of the 
particles, so that the effective surface area of the 
particles is increased. The concentration of such 
carbon particles 2 in the PTFE 1 is 1 5 to 40 weight 
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percent. Furthermore, relatively large pores 3 are 
formed by stretching this PTFE, so that numerous 
carbon particles 2 are exposed through the walls 
and inside the pores 3. A portion of the carbon 
particles are in contact with each other, so that the 
composite material 4 is electrically conductive. 

The drawing of the PTFE 1 is performed at a 
draw ratio of 1.5 times or less. If the drawing 
exceeds this draw ratio, there is a danger that the 
drawing will damage the water resistance of the 
material 4. Accordingly, drawing at a draw ratio of 
approximately 1 .2 to 1 .4 times is desirable in order 
to maintain the aforementioned water resistance 
and at the same time form sufficient pores 3. In the 
case of drawing at a draw ratio of 1.3 times, the 
average diameter of the pores 3 in the resulting 
drawn PTFE will be approximately 0.5 micrometers 
(microns). 

The oil leakage sensor element is constructed 
by connecting a plurality of conductors 5 by means 
of the material 4 as shown in Figure 2. The com- 
posite material '4 used here has the form of a tape. 
The composite material 4 -could also^have a greater 
thickness, or could take the form of a cable. In 
Figure 2, two conductors 5 are connected by the 
aforementioned mateVial 4. ft would also be possi- 
ble to construct an oil leakage sensor element in 
which three or more conductors 5 are connected 
by the composite material 4. ! 

This oil leakage sensor element Is installed so 
that the composite material 4 is positioned at the 
surface of a quantity of waiter, and current is Caus- 
ed to flow between 'the : conductors 5. Leaking oil is 
detected by a change in the Electrical resistance 
value of the sensor element. Specifically; the com- 
posite material 4 is : positioned at or hear the water 
surface: The pores 3 in the material are extreniely 
small and the material 4 itself is water-repellent. 
Accordingly, when ho leaking oil is present there is 
no invasion of the interiors of the pores 3 by Water, 
and current flows between the conductors '5 : in 
proportion to the quantity of carbon particlesi 2 
contained in the material 4/ At ' such time, the 
electrical resistance value between: the conductors 
5 is relatively low. 

When oil leakage occurs, the dil 'spreadS over 
the surface of the water, and readily permeateis the 
material 4 through the pores 3. this oil adhered to 
the surfaces of the carbon particles 2 : which are 
exposed at the walls of the pores 3. Because the 
surfaces of the carbon particles 2 'have "an "in- 
creased area due to the surface irregdlarities, the 
oil is securely adsorbed on the carbon particles 2. 
As a result, the carbon particles swell and increase 
in electrical resistance. Since the flow of current 
between the conductors 5 is achieved only through 
the carbon particles 2, the electrical resistance 
value between the conductors 5 is increased. 
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Because the surface area of the carbon par- 
ticles 2 is increased by the formation of indenta- 
tions and projections on the surfaces of the par- 
ticles, the area of contact between the carbon 
particles 2 and the PTFE 1 is also increased. 
Accordingly, the carbon particles 2 which are ex- 
posed at the walls of the pores 3 are securely held 
by the PTFE 1 even in configurations where the 
particles are only partially embedded in the PTFE, 
or where projecting portions of the particles are 
stuck into the PTFE 1 .' As a result, the element has 
good durability, i.e.. the carbon particles 2 will not 
fall out of the pores 3 even in long-term use. 

Experiments which were performed in order to 
confirm the effect of making the PTFE 1 porous will 
be described below. 

The carbon particles used' were furnace-type 
carbon particles." Their commercial names are 
MA600, manufactured by Mitsubishi Kasei Kogyo 
K.K. and PT90, manufactured by Tokai Carbon K.K. 
These particles were separately mixed with a poly- 
: tetrafluroeothylene fine powder, extruded, dried and 
the resulting samples were drawn to produce po- 
rous tapes. Figure 3 indicates one of. these tapes 6 
wound about a core 10. The tape .6; was .drawn in 
the direction of tehgth. Because it was conceivable 
; that the electrical resistance might differ according 
to the direction of drawing, two different types of 
samples 1 were cut out of the respective tapes 6, 
Lev longitudinal samples, indicated by A in Figure 
3. cut along the direction of length, (draw) of the 
tape 6; and lateral samples, indicated by B in 
--Figure '."3, cut 1 along the direction of* width of the 
tape 6. 



- Example- 1 

A first sample was an . undrawn longitudinal (A) 
type sample in which 12 weight percent MA600 
wa§ mixed with the polytetrafluoroethylene. 



Example II - 

* This sample was an undrawn longitudinal A 
■type sample in- which 12 weight 1 percent PT90 
(described above) was mixed with poly- 
tetrafluoroethylene. 
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■ Example III 

•■ This sample was an 'undrawn lateral (B) type 
sample in which 12 weight percent PT90 was 
mixed with polytetrafluoroethylene. 
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Example IV 

This sample was a longitudinal (A) type sample 
made porous by drawing to a draw ratio of 1.4 
times, in which 30 weight percent PT90 was mixed 
with the polytetrafluoroethylene. 



Example V 

This sample was a lateral (B) type sample 
made porous by drawing to a draw ratio of 1.4 
times, in which 30 weight percent PT90 was mixed 
with polytetrafluoroethylene. 



Example VI 

This sample was a longitudinal A type sample 
made porous by drawing to a draw ratio of 1.4 
times, in which 40 weight percent MA600 was 
mixed with polytetrafluoroethylene. 



Example VII 

This sample was a lateral (B) type sample 
made porous by drawing to a draw ratio of 1.4 
times, in which 40 weight percent MA600 was 
mixed with polytetrafluoroethylene. 

Figure 4 illustrates the sample tapes 4. The 
ends of each sample material 4 were folded in the 
direction of width, and were separately clamped by 
clips 7 as shown in Figure 5. These clips 7 were 
connected to a digital multipurpose-meter 8 which 
measured electrical resistance. Each sample ma- 
terial 4 was suspended in a U-form, and an area 4a 
with a height of 10mm from the bottom of the 'IP 
was immersed in grade C heavy oil. The grade C 
heavy oil was heated to a temperature of approxi- 
mately 50 * C, and the change in electrical resis- 
tance was recorded every 10 seconds for each 
sample. 

A polytetrafluoroethylene sheer 12 was inter- 
posed between the left and right portions of each 
U-form sample material 4 above the surface of the 
oil so that the legs of the "LP portions would not 
contact each other and short circuit. 

Figure 6 shows the rate of change in electrical 
resistance AR/Ro measured for each of the sam- 
ples 1 through VII from the time of initial immersion 
in the grade C heavy oil. The symbols I through VII 
in Figure 6 indicate the rates of change in electrical 
resistance for the corresponding samples I through 
VII mentioned above. 

It is seen from Figure 6 that the rate of change 
in electrical resistance is increased, and that sen- 
sitivity is improved, in cases where the poly- 
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tetrafiuoroethylene is made porous by drawing, 
compared to cases where the poly- 
tetrafluoroethylene is not made porous by drawing. 
It can also be seen that in the case of the same 
material, samples cut along the direction of draw- 
ing, type A in Figure 3. show additional improved 
sensitivity. 

As described above, the present invention im- 
proves the permeability of an oil leakage sensor 
element by high-viscosity oils, and also increases 
the contact of such oils with the carbon particles. 
As a result, the rate of change in the electrical 
resistance -value of the oil leakage sensor element 
of the present invention is substantially increased, 
and the sensitivity of the element can be improved 
approximately eightfold as shown by the above 
experiments. 



20 Claims 



1. An oil leakage sensor characterised by a 
plurality of electrical conductors contained within 
and separated from each other by a continuously 
porous, stretched polytetrafluoroethylene PTFE 
material containing from 15 to 40 weight percent 
carbon particles, said carbon particles having irreg- 
ular shapes and an average diameter between 10 
and 30 millimicrons, at least a portion of the ex- 
terior surfaces of the carbon particles being ex- 
posed at the pore walls of the PTFE and extending 
into said pores. 

2. A sensor according to claim 1 characterised 
in that said porous, stretched PTFE material is an 
extruded PTFE film containing said carbon par- 
ticles which has been stretched, after removal of 
lubricant, to an extent of 1.5 times or less its 
unstretched length. 

3. A sensor according to claim 1 further 
characterised in that resistance metering apparatus 
connected to said conductors. 

4. A sensor according to claim 3 characterised 
in that said conductors are connected to said ma- 
terial such that the direction of stretch of said 
material is aligned with the direction along the 
material in which resistance is measured. 

5. A sensor according to claim 2 characterised 
in tha* said material is stretched to an extent of 1 .2 
to 1.4 times its unstretched length. 

6. A sensor according to claim 5 characterised 
in that said material has been stretched to an 
extent of 1 .3 times its unstretched length. 
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© Oil leakage sensor. 



© An oil leakage sensor comprises a sensor ele- 
ment formed by a plurality of electrical conductors 
contained within and separated from each other by a 
continuously porous polytetrafluoroethylene PTFE 
material containing from 15 to 40 weight percent 
carbon particles, the carbon particles having irregular 
shapes and average diamerer between 10 and 30 
millimicrons, at least a portion of the exterior sur- 
faces of the carbon particles being exposed at the 
pore walls of the PTFE and extending into the pores. 
The porous PTFE material is preferably obtained by 
stretching an extruded, unsintered PTFE film con- 
£Jtaining the carbon particles, after removal of lubri- 
^cant, to a draw ratio of 1.5 times or less. The sensor 
CO element, in use, is connected between electrodes 
00 which, in turn, are connected to an alarm device. 

Preferably, the sensor element is connected to elon- 
COgate electrodes (wires) such! that the direction of 
® stretch of the material is aligned with the lengthwise 
direction of electrodes. 
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